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EHHQFRQGXFWHGRQWKHVHVDPSOHV
2.1  Petrographic and petrophysical study of sandstones 
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2.2 The Effects of Temperature on Dielectric Properties  
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7KH1XPHULFDO0RGHOOLQJRI0LFURZDYH+HDWLQJ
3.1 Microwave heating in the lab scale 

7KHSURFHVVRIPLFURZDYHKHDWLQJZDVVLPXODWHGLQWKHVFDOHRIDFRPPHUFLDOPLFURZDYHRYHQ6RPHSURSHUWLHVRI
FRUH SOXJV DUH IURP WKH SHWURJUDSKLF DQG SHWURSK\VLFDO VWXGLHV 7KLV SDUW IRFXVHV RQ WKH LQIOXHQFHV RI GLHOHFWULF
SURSHUWLHVDQGFRQGXFWLYLW\RQWKHHOHFWULFILHOGGLVWULEXWLRQDQGWHPSHUDWXUHGLVWULEXWLRQ7RPRGHOWKHPLFURZDYH
KHDWLQJLQDFRPPHUFLDOPLFURZDYHRYHQWKHJHRPHWU\LVLOOXVWUDWHGLQ)LJXUH
 
)LJXUH7KH*HRPHWU\RI0LFURZDYH+HDWLQJ0RGHO
3.1.1 The effect of dielectric properties 
7KHHIIHFWVRIGLHOHFWULFSURSHUWLHVZHUHVWXGLHGEDVHGRQWKHDVVXPSWLRQWKDWWKHRWKHUSURSHUWLHVDQGH[SHULPHQWDO
FRQGLWLRQVDUHWKHVDPH7KHPDWHULDOSURSHUWLHVDUHOLVWHGLQWKH 7DEOH
(DFKVDPSOHXVHGLWVDFWXDOUHODWLYHSHUPLWWLYLW\LQWKHPRGHO7KHUHVXOWVRIVLPXODWLRQZHUHVKRZQLQ)LJXUH7KH
HOHFWULFILHOGLQVLGHDQGDURXQGWKHVDPSOHVZHUHDIIHFWHGE\GLHOHFWULFSURSHUWLHVRIVDQGVWRQH7KHDYHUDJHSRZHU
FDQ EH GHWHUPLQHG E\ WKH HTXDWLRQ 0HWD[DV 0HUHGLWK ୟ୴ ൌ ɘɂ଴ɂୣ୤୤
̶ ଶሺሻ $V WKH YDOXH RI
ɂ̶ ɂᇱΤ ൑ ͳ  7KH SHQHWUDWLRQ GHSWK FDQ EH GHWHUPLQHG E\ WKH HTXDWLRQ 0HWD[DV  0HUHGLWK ୮ ൌ
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7KHGLHOHFWULFSURSHUWLHVKDYHDGUDPDWLFLQIOXHQFHRQERWKHOHFWULFILHOGGLVWULEXWLRQDQGWHPSHUDWXUHGLVWULEXWLRQ
7KH SHQHWUDWLRQ GHSWK FRQWUROOHG WKH VKDSH RI LVRWKHUP FRQWRXUV ZKHQ WKH SHQHWUDWLRQ GHSWK JHWV GHHSHU 7KH
VHFRQGVDPSOH UHODWLYHSHUPLWWLYLW\ LKDV WKH ODUJHVWSHQHWUDWLRQGHSWKEXW WKHVDPSOHKDVJRWD ORZ
DYHUDJHWHPSHUDWXUHZKLOH WKHWKLUGVDPSOHKDVDVPDOOHUSHQHWUDWLRQGHSWKEXW LWVDYHUDJHWHPSHUDWXUH LVKLJKHU
WKDQWKHVHFRQGVDPSOH



)LJXUH7KH(IIHFWVRI'LHOHFWULF3URSHUWLHVRQ0LFURZDYH+HDWLQJ
3.1.2 The effect of electrical conductivity 
7KHHOHFWULFDOFRQGXFWLYLW\ZDVVWXGLHGE\DVVLJQLQJWKHVDPHUHODWLYHSHUPLWWLYLW\LIRUWKUHHVDPSOHVEXW
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GLIIHUHQWHOHFWULFDOFRQGXFWLYLW\7KHVWLPXODWHGUHVXOWVDUHVKRZQLQ)LJXUH&OHDUO\IURPWKHUHVXOWWKHHOHFWULFDO
FRQGXFWLYLW\RIVDQGVWRQHLQIOXHQFHGWKHHOHFWULFILHOGGLVWULEXWLRQVOLJKWO\+RZHYHUWKHPDJQLWXGHRIWHPSHUDWXUH
LQFUHDVHGZLWKHOHFWULFDOFRQGXFWLYLW\IURPWRGHJUHH&


 

)LJXUH7KH(IIHFWVRI(OHFWULFDO&RQGXFWLYLW\RQ0LFURZDYH+HDWLQJ
3.2 Microwave heating in the reservoir scale 
7KH QXPHULFDO PRGHO ZDV EXLOW LQ $16<6 ZLWK WKH JHRPHWU\ LOOXVWUDWHG LQ )LJXUH  7KH H[FLWDWLRQ PHWKRG LV
UHFWDQJXODUZDYHJXLGH7(PRGH7KHH[FLWHGHOHFWURPDJQHWLFZDYH*+]SURSDJDWHGWKURXJKWKHUHVHUYRLU
VDQGVWRQHDQGJHQHUDWHGKHDW

)LJXUH7KH*HRPHWU\&RQILJXUDWLRQRI1XPHULFDO0RGHO
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7KH HOHFWULF ILHOG GLVWULEXWLRQ DQG -RXOH KHDW JHQHUDWHG LQ WKH UHVHUYRLU ZHUH VKRZQ LQ )LJXUH  7KH DYHUDJH
GLVVLSDWHGSRZHUZDVFRPSXWHGDV:DWW
 
)LJXUH7KH(OHFWULF)LHOG'LVWULEXWLRQDQG-RXOH+HDW*HQHUDWLRQLQ5HVHUYRLU
%DVHGRQWKHFRPSXWHGGLVVLSDWHGSRZHUWKHGDLO\-RXOHKHDWJHQHUDWLRQZKLFKLV͸Ǥ͸ ൈ ͳͲ଻-RXOHZDVDSSOLHGWR
WKH UHVHUYRLU LQ &0*67$56 ,Q WKH KHDWHG ]RQH WKH WHPSHUDWXUH DQG JDV UHODWLYH SHUPHDELOLW\ ZDV REVHUYHG
LQFUHDVLQJZLWKWLPHZKLOHWKHZDWHUVDWXUDWLRQGHFUHDVHGDVPLFURZDYHKHDWLQJSURFHHGV
 


)LJXUH7KH7HPSHUDWXUH'LVWULEXWLRQV:DWHU6DWXUDWLRQDQG*DV5HODWLYH3HUPHDELOLW\7KHILUVWURZLQGLFDWHVWKHUHVXOWVDIWHUKRXUVKHDWLQJ
WKHVHFRQGURZKRXUVDQGWKHWKLUGURZKRXUV
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FRQVLGHUHG ,QRUGHU WR VWXG\ WKHHIIHFWVRIKHDWLQJRQ WKHZDWHU VDWXUDWLRQDQG UHODWLYHSHUPHDELOLW\ZHFRXSOHG
$16<6DQG&0*67$56%DVHGRQ WKH UHVXOWVZHKDYH WKH IROORZLQJ FRQFOXVLRQV  WKHGLHOHFWULF SURSHUWLHV
KDYH DGUDPDWLF HIIHFW RQERWK HOHFWULF ILHOG GLVWULEXWLRQ DQG WHPSHUDWXUH GLVWULEXWLRQ)RUPLFURZDYHYROXPHWULF
KHDWLQJ LQ WKH ODE WKHVXLWDEOHSHQHWUDWLRQGHSWK LV WKHNH\ WRDFKLHYHDVDWLVI\LQJKHDWLQJUHVXOW WKHHOHFWULFDO
FRQGXFWLYLW\KDGPRUHLQIOXHQFHVRQWHPSHUDWXUHGLVWULEXWLRQWKDQRQHOHFWULFILHOGGLVWULEXWLRQE\DSSO\LQJKHDW
WRIRUPDWLRQWKHZDWHUVDWXUDWLRQGHFUHDVHGLQWKHIRUPDWLRQOHDGLQJWRWKHLQFUHDVHRIUHODWLYHSHUPHDELOLW\RIJDV
ZLWKLQ  KRXUV DQGKHDW HQHUJ\ VSUHDG WR GHHS IRUPDWLRQ ,W LV VXJJHVWHG WKDWPLFURZDYH KHDWLQJ LV D SURPLVLQJ
PHWKRGIRUHQKDQFHGJDVUHFRYHU\
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HIIRUWDQGWLPHLVKLJKO\DSSUHFLDWHGE\WKHDXWKRU7KDQNVWR&2062/0XOWLSK\VLFV&RPSXWLQJ0RGHOOLQJ*URXS
&0*DQG$16<6IRUSURYLGLQJIUHHOLFHQVHIRUQXPHULFDOPRGHOOLQJ
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